There is a scarcity of descriptive data on the physiological characteristics of elite Asian squash players. The purpose of this study was to evaluate the physiological profile and sports specific fitness of Hong Kong elite squash players. It was conducted before the selection of the Hong Kong national squash team for the 1992 Asian Squash Championship. Ten elite squash players were selected as subjects for the study. Maximum oxygen uptake was measured using a continuous treadmill running test. A sports specific field test was performed in a squash court. The following means(s.d.) were observed: height 172.6(4.3) cm; weight 67.7(6.9) kg; body fat 7.4(3.4)%; forced vital capacity (FVC) 5.13(0.26) litres; maximum oxygen uptake (VOm. 
Squash at the elite level is primarily aerobic in nature, with intermittent bursts of activity being supplied from anaerobic energy sources.' 2'The champion needs both a wide range of skills and a high standard of fitness. Essentially squash fitness calls for stamina, strength, and physical agility besides the demand of high technical skill, good match temperament, and mental agility.3 Despite the growing popularity of squash, with increasing numbers of International Squash Racquets Federation (ISRF) members (from 67 to 100 in 1992), and a possible bid for participation in the Olympic Games for the year 2000,4 studies of physiological characteristics of elite squash players are scarce." '9 To the best of the authors' knowledge, there has only been one physiological study on Asian squash players which examined physiological alterations and leg strength following a three month training programme.'0 The physiological data were for seven female and six male Malaysian players, who were not considered separately in the report.
In Hong Kong, the sport of squash is booming and is identified as the territory's fastest growing sport. Having witnessed an increase in participation of 150% over the past five years, the Hong Kong Squash Racquets Association (HKSRA) estimated there were no fewer than 60000 people playing the game on 700 courts around the Territory in 1990 ." Hong Kong has the largest league structure in Asia and the junior squash development programme is one of the healthiest in the world. ' Anaerobic power was measured according to the procedure that has been developed to accompany the REPCO front access cycle ergometer in detail elsewhere.'6"7 Briefly, the subject was required to perform a maximum effort standing cycle test over 10 s to assess work capacity and peak power. After another 2 min rest, the squash player was required to perform 30 s of maximal standing cycle ergometry.
Maximum strength of extensor and flexor muscles of each knee was measured using an isokinetic dynamometer (Cybex II +, Lumex). After a warm up, five consecutive maximal contractions were performed at 600 s s-'; peak torque was recorded as the highest value of the trials. The strength ratio between knee flexors and knee extensors of each leg (hamstring:quadriceps (H:Q) ratio) was also calculated. Grip strength of the preferred arm was measured usinga grip dynamometer (Takei, No 1201, Japan). Each subject performed three trials and the best score was recorded.
Flexibility of the hip joint, trunk, and hamstring muscles was tested by the sit-and-reach test."8 After gentle stretching during two or three warm-up trials on the hamstring muscles three trials were carried out and the maximum value recorded.
All values in the text, figures, and tables are expressed as mean(s.d.).
Results
The physical characteristics of the subjects are displayed in Table 1 . The selected pulmonary function measurements, aerobic capacity, and cardiorespiratory fitness 
Cardiorespiratory fitness
The maximum aerobic power of elite squash players appears to be around 56 to 64 ml -kg-' min,5 which reflects the higher aerobic demand of this sport compared with tennis and badminton,"9 with intermittent bursts of activity that involve very short work to rest intervals. Mean(s.d.) VO2max values (61.7(3.4) ml * kg-' min-') for the subjects in this study appeared to be higher than those values reported for the 'high level' Canadian players (56.0 ml -kg-' min-')9 and elite Australian players (57.8 ml kg-' -min-')' but were comparable to that of the top South African players (59.5 ml * kg-* min-').5 However, VO2, values are not expected to reach the same level as in endurance sports (17) 324 (29) Soccer (HK team) 24 13.5(2.4) 103 (20) 298 (27) Cycling-road (HK team) 131 (17) 315 (23) Badminton (HK team) ml -kg-'l min-' (range 69-77 ml kg-'l min-').27
The mean(s.d.) maximum heart rate (190.7(7.2) beats -min-') of the subjects tend to be lower than that of the German squash players (195(6.0) beats min-')" and similar to that of top South African squash players (184(9.0) beats min-')' and players of intermediate ability (186(8.0) beats * min-'). 28 The VEma values found in the current study (130.8(20.4) litre -min-') were comparable to those of the Hong Kong national soccer team (136.0(13.4) litres -min-')25 but tended to be lower than the Hong Kong national rowing team (178.9(16.0) litres min-').29 This is to be expected as exercise during squash and soccer are of an intermittent nature while rowing is a continuous activity. The oxygen pulse value of the subjects (22.7(3.6) ml beat-'), an indirect measurement of stroke volume of the heart,30 appeared also to be comparable to that of the Hong Kong national soccer (21.9(2.1) ml beat-')" and rowing (23.8(2.0) ml * beat-L)29 teams. For world class endurance athletes, the oxygen pulse can reach as high as 28.5 ml -beat-l 3' and 32.2 ml * beat-l 32 respectively, an indicator of excellent cardiorespiratory efficiency.
The high anaerobic threshold (AT) as a percentage of VO2max (80.1%) for the Hong Kong squash team is comparable to that of elite cyclists (83.0%),33 rowers (83.0 %),34 and cross-country skiers (85.7 %).35 This suggests that the players are able to exercise at intensities close to their VO2max without experiencing the deleterious effects of metabolic acidosis. The high AT of the Hong Kong squash players can be attributed, at least in part, to the specific inclusion of a succession of quarter mile runs followed by sprints in their training programme.
Reports of energy expenditure during squash testify to its more intensive aerobic demands compared with tennis and badminton.536 The mean heart rates during squash play for physically fit players,37 top South African players,5 and elite Australian players1 were reported to be 167 beats min-' (86% HRka); 161 beats min-' (88% HRax), and 172 beats min-' (91% HRka) respectively. It is interesting to note that the AT data collected during the present study (168(9.1) beats min-' and 89.8(2.9) % HRmax) are similar to the above reports. Therefore it may be reasonable to suggest that a highly competitive squash match may require Hong Kong squash players to exercise at close to their anaerobic thresholds for long periods of the game.
The maximum lactate value (11.0(l.3) mmol * litre-) from the treadmill running seems to reflect the maximum efforts of the subjects, as a lactate concentration of 12 mmol litre-' or more has been considered to be a value indicating exhaustion.38
Sports specific fitness
The field test used in this study was devised to measure squash specific fitness, and as such, involved complicated non-rhythmic movements in which speed, rapid force development, and fast reactions are required. In fact a high correlation was found between the field test data and the ranked playing ability of subjects in a previous study"4 using the same testing equipment method and protocol. The maximum heart rate data (192.7(6.8) beats-min-') and blood lactate values (10.8(2.2) mmol litre-') showed that the players were under maximum load during the field test. These values are similar to those measured in the laboratory (HR 190.7(7. 2) beats * min-'; LAm,. 11 .0(1.3) mmol -litre-').
A fast recovery in exercise heart rate was found, dropping by a mean value of 79.4 beats -min-' in 5 min after termination of exercise. A similar finding was observed by Steininger and Wodick'4 which they attributed to the similar environment, appropriate training preparation, and exercise intensity.
It is interesting to note that mean(s.d.) values of performance and heart rate at the anaerobic threshold for the field test were 19.0(1.4) light pulses * min-' and 171.0(6.0) beats -min-' respectively. The mean(s.d.) heart rate values (159.7(8.1) beats-min-'; 175.5(6.6) beats min-') and mean blood lactate values (2.7(1.3) mmol litre-'; 4.3(1.6) mmol litre-') were recorded in levels four and five (18 and 20 light pulses -min-') respectively. In previous studies mean heart rate ranged from 161 to 172 beats min-m" ' and low levels of blood lactate (average between 2 and 4 mmol litre-')9 3142 were found during squash games lasting 30 to 90 min. It seems reasonable to speculate that the intensity of levels four and five stimulates the requirement of actual game energy expenditure for the Hong Kong squash players exercising at close to their anaerobic thresholds. Seven of 10 players in the present study by comparison with three of seven German players14 reached level 7 
